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When full-grown oocytes of the newt Cynops pyrrhogaster were treated with progesterone in O-R2 solution containing
antibiotics, approximately 85% of the oocytes completed meiosis synchronously. Maturation-promoting factor (MPF)
activity appeared just before germinal vesicle breakdown (GVBD) and the oocytes maintained high MPF activity throughout
metaphase I and metaphase II of meiosis. A slight decrease of MPF activity was observed at the ®rst polar body emission.
The distribution of cyclin B1 was investigated with anti-cyclin B1 antibody. No cyclin B1 was found in the oocytes before
progesterone treatment. Cyclin B1 appeared in the cortex of animal hemispheres, especially around and inside germinal
vesicle just before GVBD. A large amount of cyclin B1 accumulated at metaphase I, approximately half disappeared at the
®rst polar body emission, and then cyclin B1 accumulated again at metaphase II. An inactive form of cdc2 kinase was
observed in both the germinal vesicles and the oocyte cytoplasm, while an active form appeared at the M phase. No MPF
was observed in the oocytes from which the germinal vesicle had been removed. A cdk7-like molecule was localized in
the germinal vesicle, but not in oocyte cytoplasm, indicating that inactive cdc2 kinase associated with cyclin B1 derived
from cytoplasm is activated by phosphorylation in the germinal vesicle. The changes in the amount of cyclin B1 were
synchronous with the ®rst cell cycle after fertilization. Cyclin B1 was primarily localized in the cortex of the animal
hemisphere. A shift in band mobility upon electrophoresis of cyclin B1 was observed from samples taken during the cell
cycle; this shift was probably due to the protein's phosphorylation state. q 1998 Academic Press
INTRODUCTION appears in oocyte cytoplasm (Masui and Markert, 1971).
The cycling of MPF activity has been thoroughly investi-
gated in anuran amphibians (Wasserman and Smith, 1978;Full-grown, postvitellogenic amphibian oocytes are un-
Gerhart et al., 1984), as well as in urodele amphibians (Iwaoable to be fertilized until they mature. When oocyte matura-
et al., 1993). MPF has been puri®ed from Xenopus eggstion is induced by a progesterone-like hormone, the imma-
(Lohka et al., 1988) and shown to consist of cdc2 kinaseture oocytes at prophase I resume meiosis and their germi-
and cyclin B (Dunphy et al., 1988; Gautier et al., 1990).nal vesicles break down. The oocytes progress to metaphase
In urodeles, changes in cdc2 kinase activity during oocyteI of meiosis and continue until they are arrested at meta-
maturation and the ®rst embryonic cell cycle were clari®edphase II of meiosis (Masui, 1992). The resumption of meio-
(Iwao et al., 1993, 1997), but it remains unclear when andsis is caused by maturation-promoting factor (MPF) which
where cyclin B appears.
The activity of MPF is controlled by biochemical modi®-
cations such as the phosphorylation and dephosphorylation
of a cdc2 subunit after binding to cyclin B (Murray and1 To whom correspondence should be addressed. FAX: /81-
83933-5768. E-mail: iwao@po.cc.yamaguchi-u.ac.jp. Kirshner, 1989; Nurse, 1990). It has been reported that cdc2
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brates (Tanaka and Yamashita, 1995). Newt cdk7 homologue wasundergoes phosphorylation on several speci®c residues, de-
detected by monoclonal antibodies raised against Escherichia coli-pending on the progress in a cell cycle (Draette and Beach,
produced gold®sh cdk7 (GFK7-49 and GFK7-83, Kondo et al., 1997).1988; Gould and Nurse, 1989; Morla et al., 1989). An en-
GFK7-49 and GFK7-83 gave essentially the same results.zyme that activates cdc2 through the phosphorylation of
To detect newt cyclin B, monoclonal antibodies were newly pro-Thr 161 is called a cyclin-dependent kinase (CDK)-activat-
duced against amphibian cyclin B proteins as follows. Fragmentsing kinase (CAK) (Solomon et al., 1992). CAK consists of
of cDNAs encoding amphibian cyclin B were obtained by reverse
cdk7 kinase and cyclin H (Fesquet et al., 1993; Poon et al., transcription±polymerase chain reaction (RT±PCR). Total RNA
1993; Solomon et al., 1993). On the other hand, it is known was isolated from ovaries of the frog Xenopus laevis, the frog Rana
that serine residues of cyclin B have been phosphorylated japonica, the toad Bufo japonicus, and the newt Cynops pyrrhogas-
during the M phase in Xenopus oocytes (Izumi and Muller, ter, using Isogen (Nippon Gene). Single-strand cDNA was synthe-
1991). Thus, phosphorylation of cyclin B, in addition to its sized using the Superscript Preampli®cation System (Gibco BRL)
with oligo(dT)12±18 primer. PCR was 30 cycles of 947C for 1 min,binding with cdc2 kinase, is important in regulating MPF
557C for 1 min, and 727C for 2 min, using two degenerate oligonu-activity. It has been reported that MPF in star®sh oocytes
cleotides containing EcoRI recognition site at the 5* end; 5* primer,requires the contents of the germinal vesicle for its self-
5*-CGGGAATTCTSTGYCARGCNTTCTCYGATG, and 3*ampli®cation to increase the activity (Kishimoto et al.,
primer, 5*-CGGGAATTCGMRTACTTGTTCYTNAYAG (M  A1981; Picard et al., 1984) and that the increase of MPF activ- / C, R  A / G, S  C / G, Y  C / T, N  A / C / G / T,ity in axolotl is slightly delayed when the germinal vesicle
EcoRI site is underlined). The 5* and 3* primers correspond to the
has been removed (Gautier, 1987). highly conserved amino acid sequences in cyclin B, LCQAFSD and
Translocation of cyclin B between the nucleus and the TVKNKYA, respectively.
cytoplasm during a cell cycle has been observed in star®sh The obtained PCR products (ca. 800 bp) were digested with
oocytes (Ookata et al., 1992) as well as in somatic cells EcoRI, ligated into RI-cut pBluescript II SK (Stratagene), and se-
(Paines and Hunter, 1991; Bailly et al., 1992; Mitra and quenced. The cloned cDNA fragments encoded Xenopus cyclin B1
Schultz, 1996). In addition, cdc25C, an activator of cdc2 and B2, Rana cyclin B1 and B2, Bufo cyclin B1, and Cynops cyclin
B1 (Shimizu and Yamashita, unpublished; the sequences of thekinase/cyclin B, and wee1, an inhibitor of cdc2 kinase/
cDNA will appear in the DDBJ/EMBL/GenBank DNA databasescyclin B, have been found to be concentrated in the nucleus
under the Accession Nos. AB005252 for Rana cyclin B1, AB005253of mouse oocytes (Mitra and Schultz, 1996). However, the
for Rana cyclin B2, AB005256 for Bufo cyclin B1, and AB005790distribution of cyclin B has not been yet determined in am-
for Cynops cyclin B1, except for those of Xenopus cyclin B1 andphibian oocytes and eggs. In this study, we established a
B2 that have already been described by Minshull et al. (1989)).procedure to induce oocyte maturation in vitro in the newt
Each cDNA clone was expressed in E. coli as a protein fused withCynops and clari®ed not only the quantitative changes in
glutathione-S-transferase as described (Kondo et al., 1997). The re-
cyclin B, but also its localization during oocyte maturation combinant proteins were injected into mice to obtain monoclonal
and during the ®rst cell cycle. Furthermore, we investigated antibodies according to the procedures described by Yamashita et
the role of germinal vesicles in the activation of MPF. al. (1991). Among several monoclonal antibodies raised against am-
phibian cyclin B proteins, an antibody against Bufo cyclin B1 (2F5)
exhibited high speci®city and wide cross-reactivity for amphibian
cyclin B1. We therefore used this antibody to detect newt cyclin
MATERIALS AND METHODS B1. For speci®city of the antibody, the anti-Bufo cyclin B1 antibody
recognizes cyclin B1, but not cyclin B2 of Xenopus oocytes. In
Chemicals and Solutions addition, the anti-Bufo cyclin B1 antibody cross-reacts to cyclin B
of the frogs, Ranas, and the newt, Cynops.The ionic compositions (mM) of solutions used were as follows:
100% Steinberg's solution (SB), 58 NaCl, 0.67 KCl, 0.34 CaCl2, 0.85
MgSO4, 4.6 Tris±HCl (pH 7.4); defolliculation medium, 100 NaCl,
1.5 MgSO4, 1.0 ethylene glycol bis-(b-aminoethyl ether) -N,N,N*,N*-
tetraacetic acid (EGTA), 5.0 NaHCO3 (pH 7.8); O-R2, 82.5 NaCl, Gametes
2.5 KCl, 1.0 CaCl2, 1.0 MgCl2, 1.0 Na2HPO4, 5.0 Hepes (pH 7.8);
modi®ed O-R2, 82.5 NaCl, 2.5 KCl, 1.0 CaCl2, 1.0 MgCl2, 1.0
Sexually mature newts C. pyrrhogaster were collected near Ya-Na2HPO4, Tris±HCl (pH 7.8) containing 0.1% sulfadiazine, 1%
maguchi or purchased from dealers. Mature and fertilized eggspolyvinylpyrrolidone (PVP), 0.01% chloramphenicol; extraction
were obtained by the method described previously (Iwao et al.,buffer (EB), 80 Na-b-glycerophosphate (pH 6.8), 20 EGTA, 15 MgCl2,
1997). They were dejellied in 1.5% sodium thioglycolate (pH 9.5),1.0 dithiothreitol (DTT); TTBS, 0.1 Tris±HCl (pH 7.5) containing
followed by a wash with 100% SB. To obtain immature oocytes,0.9% NaCl, 0.1%(v/v) Tween 20 ; germinal vesicle (GV)-isolation
ovaries were dissected from females into O-R2. The follicle cellsbuffer, 250 sucrose, 5 MgCl2, 25 Tris±HCl (pH 7.4); PBS, 10
were manually removed with ®ne watchmaker's forceps in defolli-Na2HPO4, 10 NaH2PO4 containing 0.9% NaCl (pH 7.5).
culation medium. Defolliculated oocytes were treated with proges-
terone (10 mg/ml) in O-R2 for 40 min. They were washed twice
with O-R2 and then incubated in modi®ed O-R2 at 237C. In results,
Antibodies the progression of oocyte maturation was represented by normal-
ized time (NT): when 50% of oocytes underwent GVBD, the NTNewt cdc2 was detected by anti-mouse cdc2 monoclonal anti-
body (MC2-21) that recognizes cdc2, but not cdk2, in various verte- was set as 1.0.
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Preparation and Microinjection of Cynops Egg
Extract
The dejellied eggs or defolliculated oocytes were washed twice
with ice-cold EB and placed on paraf®n ®lm or in an Eppendorf
tube. Excess buffer was removed with ®lter papers. After addition of
EB (1±5 ml/egg) containing 1.0 mM phenylmethanesulfonyl ¯uoride
(PMSF) and 25 mg/ml leupeptin, the eggs were homogenized with
a pipet tip and drawn into a capillary tube for microinjection or
put in a centrifuge tube. An end of the capillary tube was heat-
sealed. They were centrifuged (10,000g, 20 min, 27C), and a cyto-
plasmic layer between lipid and yolk layers was collected as egg
extract. In some cases, the supernatant was again centrifuged
(100,000g, 1 h, 27C). The supernatant was collected and stored at
FIG. 1. Full-grown, defolliculated Cynops oocytes obtained from0807C until use.
a female were treated with progesterone at 237C. ApproximatelyMicroinjection of the egg extracts into the Xenopus or Cynops
85% (11/13) of oocytes completed meiotic maturation, showingoocytes was carried out with a glass micropipet attached to a micro-
synchronous progression of a nuclear cycle. GVBD and metaphasemanipulator (``Narishige''). The micropipet was made of a capillary
in live oocytes were determined by appearance of white spots ontube (75 mm long, 1 mm in diameter; ``Drummond'') with a glass
animal hemispheres and metaphase pits in the white spots, respec-microelectrode puller (``Narishige''). The tip diameter of micropi-
tively.pets was about 20±30 mm. About 50 nl of samples was injected
into each oocytes under a binocular microscope.
Electrophoresis and Immunoblotting RESULTS
For detection of cyclin B or cdk 7, the extracts were separated
Change in MPF Activity during Oocyte Maturationby SDS±polyacrylamide gel electrophoresis (SDS±PAGE, 7.5 or
10% gel). Proteins were electrically transferred to polyvinylidene
To investigate the change in MPF activity during oocytedi¯uoride (PVDF) membrane with a semidry electroblotting system
maturation in the newt C. pyrrhogaster, full-grown, defolli-(``ATTO,'' AE-6675P). After the membrane was blocked with 5%
culated oocytes arrested at prophase I of meiosis werenonfat dry milk in TTBS for 1 h, it was incubated with anti-Bufo
treated with progesterone and then incubated in O-R2 solu-cyclin B1 (2F5) monoclonal antibody diluted 1:500 with TTBS or
tion containing 0.1% sulfadiazine and 0.01% chloramphen-anti-gold®sh cdk7 monoclonal antibody (GFK-49 or 83) diluted to
1:1000 with TTBS at 47C overnight. Immunocomplexes were de- icol. Approximately 85% of the oocytes resumed meiosis,
tected by using biotinylated antibody against mouse immunoglobu- and the oocytes underwent germinal vesicle breakdown
lins and the formation of avidin:biotinylated alkaline phosphatase (GVBD) 4±5 h post-hormone treatment (PHT) (Fig. 1). The
complex (ABC-AP system; ``Vectastain''). No signal was detected oocytes reached metaphase I 8±10 h PHT and metaphase II
in immunoblotting without processing by the primary antibodies. 12±15 h PHT. Thus, the oocyte maturation in vitro pro-
Full-grown, defolliculated oocytes were pricked at the animal
gressed synchronously.pole with a ®ne glass needle. Their germinal vesicles were squeezed
To determine MPF activity during oocyte maturation, theout into GV-isolation buffer by gently pressing the equatorial region
cytosols extracted from Cynops oocytes at various stagesof the oocytes with forceps. Ten isolated germinal vesicles were
after hormone treatment were injected into full-grown Xen-packed into a capillary tube with the micromanipulator. The col-
opus oocytes (Fig. 2). In this instance, the extracted cytosollected germinal vesicles and enucleated oocytes were analyzed by
SDS±PAGE and by Western blotting as described above. did not cause GVBD, indicating that no MPF activity was
present. In general, when the extract contains MPF activity,
the injected oocytes undergo GVBD within 1±2 h. Very low
Immunohistochemistry MPF activity was detected at 0.75 NT, increasing at GVBD
(1.0 NT) and metaphase I (1.5 NT). Activity decreasedTo observe the distribution of cyclin B, the oocytes at various
slightly with the ®rst polar body emission (1.7 NT), butstages during maturation or after fertilization, were ®xed in Bouin's
increased again at metaphase II of meiosis (2.0 NT).solution (15 ml saturated 2,4,6-trinitrophenol solution, 5 ml form-
aldehyde, 1 ml acetic acid) for 3 h at room temperature, dehydrated
in a series of alcohol±amylacetate, and embedded in paraf®n. The
Change in cdc2 and Cyclin B 1 during Oocyte15-mm-thick sections were mounted on the glass slides coated with
Maturationvectabond reagent (``VECTOR''). The sections were blocked in a
mixture of 20% nonfat dry milk in PBS and 3% normal horse serum
To investigate the cdc2 homologue in Cynops oocytes,in PBS (1:1) for 6 h at room temperature. The sections were treated
extract obtained from the oocytes was analyzed by immu-with anti-Bufo cyclin B1 (2F5) monoclonal antibody diluted to
noblot with anti-mouse cdc2 antibody (Fig. 3). A 32-kDa1:100 with PBS at 47C overnight. Their localization was visualized
protein was observed in full-grown oocytes (Fig. 3, lane 3),by ABC-AP system. No signal was observe without processing the
sections by the anti-Bufo cyclin B1 antibody. but after oocyte maturation, a 31-kDa protein appeared in
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FIG. 4. The changes in the amount of cyclin B1 during oocyte
maturation in Cynops. No cyclin B1 was detected in full-grown
oocytes (lane 1, 0 NT). A very small amount of cyclin B1 was
detected at GVBD (lane 2, 1.0 NT). A large amount of cyclin B1FIG. 2. Fifty nanoliters of cytosols obtained from Cynops oocytes
was observed at metaphase I (lane 3, 1.5 NT). The amount of cyclinat various stages during maturation was injected into a full-grown,
B1 was slightly decreased at the ®rst polar body emission (lane 4,defolliculated Xenopus oocyte. Germinal vesicle breakdown
1.7 NT), but increased again at metaphase II (lane 5, 2.0 NT). When(GVBD) was determined 4 h after injection at 187C. Ten oocytes
the anti-Bufo B1 antibody had been preincubated with the recombi-were injected at each point. Data were means of three independent
nant proteins (10 mg/ml) expressed from Bufo cyclin B1 cDNA ,experiments. The rate of GVBD at 1.7 NT was signi®cantly smaller
no cyclin was detected at metaphase II (lane 6, 2.0 NT).than those at 1.5 or 2.0 NT (P  0.05).
lane 5). Densitometry showed that the relative amount ofaddition to the 32-kDa protein (Fig. 3, lane 4). The appear-
cyclin B1 was 0.88 at metaphase I, 0.55 at the ®rst polarance of a 31-kDa protein at M phase when MPF activity is
body emission, and 1.0 at metaphase II. The change in thehigh (Fig. 2) suggests that the 32- kDa protein may be inac-
amount of cyclin B1 during oocyte maturation coincidestive form of cdc2 kinase and, the 31-kDa protein is its active
well with the change in MPF activity (compare Figs. 2 andform. A large amount of cdc2 homologue was found to be
4). When the anti-Bufo B1 antibody had been preincubatedaccumulated not only in oocyte cytoplasm, but also in ger-
with the recombinant proteins expressed from Bufo cyclinminal vesicles (Fig. 3, lanes 1 and 2). Thus, a cdc2 homo-
B1 cDNA, no cyclin was detected in the extract obtainedlogue exists in full-grown oocytes before they mature, and
from oocytes at metaphase II (Fig. 4, lane 6). These resultsits activity is probably regulated by coupling with cyclins.
indicate that cyclin B1 is translated at GVBD to increaseBecause anti-Bufo cyclin B1 monoclonal antibody recog-
MPF activity during oocyte maturation.nized Cynops cyclin B1 protein, the amount of cyclin B1
To observe the distribution of cyclin B1 in oocyte cyto-was determined by immunoblot analysis of oocyte extracts
plasm, oocytes at various stages of maturation were ®xed,taken at various stages (Fig. 4). No cyclin B1 was detected
sectioned, and then stained immunohistochemically (Fig.in full-grown oocytes that contained no MPF activity (Fig.
5). No cyclin B1 was detected in full-grown oocytes before4, lane 1). After progesterone treatment, cyclin B1 (53 kDa)
hormone treatment (Fig. 5A). Cyclin B1 appeared in theappeared in the oocytes at GVBD (Fig. 4, lane 2). The
oocyte cortex of animal hemispheres, but not in the vegetalamount of cyclin B1 increased at metaphase I (Fig. 4, lane
hemispheres, just before GVBD (Fig. 5B). At GVBD, cyclin3), slightly decreased around emission of the ®rst polar body
B1 was especially localized both inside and around periph-(Fig. 4, lane 4), and increased again at metaphase II (Fig. 4,
ery of the germinal vesicles (Fig. 5C). Cyclin B1 was distrib-
uted throughout the animal hemispheres at metaphase I
(Fig. 5E). The distribution of cyclin B1 narrowed at the ®rst
polar body emission (Fig. 5F) compared to that at metaphase
II (Fig. 5G). When the anti-Bufo B1 antibody had been prein-
cubated with the recombinant proteins expressed from Bufo
cyclin B1 cDNA, no cyclin was detected in the oocyte at
GVBD (Fig. 5D). Thus, the distribution of cyclin B1 appeared
restricted to animal hemispheres during maturation.
FIG. 3. Immunoblots generated with anti-mouse cdc2 antibody Role of Germinal Vesicles in MPF Activity
of oocyte extracts, showing a 32-kDa protein in germinal vesicles
To determine the role of germinal vesicles in the increase(lane 1, 20 germinal vesicles), in enucleated full-grown oocytes (lane
of MPF activity during oocyte maturation, full-grown oo-2, 20 oocytes), and full-grown oocytes (lane 3, 20 oocytes). A 31-
cytes from which germinal vesicles had been removed werekDa protein in addition to the 32-kDa protein was detected in
mature oocytes at metaphase II (lane 4, 20 oocytes). treated with progesterone, and their MPF activities were
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FIG. 7. Ten germinal vesicles (lane 1) and 10 oocytes from which
their germinal vesicles had been removed were analyzed by immu-
noblotting with anti-gold®sh cdk7 antibody, showing a 90-kDa
bands in both lanes, but a 40-kDa band in lane 1, indicating theFIG. 6. Full-grown Cynops oocytes with intact germinal vesicles
localization of Cynops cdk7 homologue in germinal vesicles.(/GV), the oocytes from which the germinal vesicles had been
removed (0GV), and the oocytes from which the cytoplasm (approx-
imately 50 nl) had been removed (0Cyt) were treated with proges-
terone at 237C. The extracts obtained from these oocytes at various
stages during maturation were injected into full-grown Xenopus gradually reappeared before the ®rst cleavage (Fig. 8, lanes
oocytes to determine MPF activity. The number of the oocytes 2±7). A 53-kDa band was detected in unfertilized eggs at
which underwent GVBD was scored 4 h after injection, showing metaphase II having high MPF activity (Fig. 8, lane 1). A
no MPF activity in the extract obtained from the oocytes from 52-kDa band appeared 2 h after fertilization (Fig. 8, lane 3).
which their germinal vesicles had been removed before hormone The amount of 52-kDa protein increased during S phase, 3
treatment (0GV). Ten oocytes were injected at each point. Data h after fertilization (Fig. 8, lane 4). At 4 h after fertilization,
were means of three independent experiments.
a 51-kDa band was detected in addition to the 52-kDa pro-
tein (Fig. 8, lane 5). The amount of both 51- and 52-kDa
proteins increased at prometaphase, 5 h after fertilization
(Fig. 8, lane 6). Thereafter, the 52- and 53-kDa proteins weredetermined (Fig. 6). High MPF activity was observed in oo-
observed during mitosis until the ®rst cleavage, 7 h aftercytes with intact germinal vesicles at 1.0 NT. However, in
fertilization (Fig. 8, lane 7). When the eggs underwent theoocytes from which germinal vesicles had been removed,
®rst cleavage, the amount of cyclin B1 decreased and itsno MPF activity was detected at 2.0 NT as well as before
molecular weight shifted to 52 kDa (Fig. 8, lane 8). Thus,it, about a time when the control oocytes reached meta-
the cycling of cyclin B1 content in egg cytoplasm corre-phase II. In the oocytes from which the cytoplasm had been
sponds well to the cycling of MPF activity (Iwao et al.,removed, lower MPF activity was observed at 1.0 NT, and
1993). It should be noted, however, that the eggs in mitosisMPF activity increased at 1.5 NT. The timing of GVBD in
before the ®rst cleavage contained approximately four timesthese oocytes was slightly delayed, probably due to injury
more cyclin B1 than unfertilized eggs arrested at metaphaseon the egg surface from removing the cytoplasm. These
II (Fig. 9).results indicate that the contents of the germinal vesicle
are necessary for production of MPF activity.
The cdk7 homologue in Cynops oocytes was investigated
with anti-gold®sh cdk7 antibody (Fig. 7). Upon immu-
noblotting, both a 40-kDa protein and a 90- kDa protein
were observed in germinal vesicles (Fig. 7, lane 1). However,
only the 90-kDa protein was detected in oocyte cytoplasm
(Fig. 7, lane 2). Judging from its nuclear localization and
molecular weight, the 40-kDa protein is probably the Cy-
nops cdk7 homologue. These results suggest that cdk7 in
germinal vesicles is involved in the increase of MPF activity
FIG. 8. The extracts obtained from the eggs at various stages afterin Cynops oocytes.
fertilization were analyzed by immunoblotting with anti-cyclin B1
antibody. A 53-kDa protein was observed in unfertilized eggs (lane
Quantitative Changes in Cyclin B1 after 1), but disappeared after fertilization (lane 2). A 52-kDa protein was
detected at 1 h after fertilization (lane 2). The amount of 52-kDaFertilization
protein increased 2±5 h after fertilization (lanes 3±6). A 51-kDa
Because MPF activity disappears after fertilization, then protein appeared at 4 h after fertilization (lane 5) and its amount
reappears in response to cleavage cycles (Iwao et al., 1993), increased at 5 h (lane 6). The 51-kDa protein disappeared at 6 h
changes in the amount of cyclin B1 after fertilization were after fertilization, while the 52- and the 53- kDa proteins were
investigated (Figs. 8 and 9). Most of the cyclin B1 had disap- observed (lane 7). A very small amount of the 52-kDa was detected
after the ®rst cleavage at 7 h after fertilization (lane 8).peared 1 h after fertilization (Fig. 8, lanes 1 and 2), but
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We have shown that the increase of MPF activity requires
the content of the germinal vesicles during Cynops oocyte
maturation. In axolotl, it has been reported that the increase
of MPF activity during oocyte maturation was delayed
slightly when the germinal vesicles had been removed (Gau-
tier, 1987). Thus, in urodele amphibians, MPF activity is
dependent upon the contents of the germinal vesicles. In
contrast, anuran oocytes can produce MPF activity in the
absence of germinal vesicles (Masui and Markert, 1971;
Schorderet-Slatline and Drury, 1973; Wasserman and Ma-
sui, 1975). The lack of increasing MPF activity in Cynops
oocytes without germinal vesicles is probably not due toFIG. 9. The changes in the amount of cyclin B1 during the ®rst
the lack of a cdc2-like protein because the inactive form ofcell cycle after fertilization, showing densitometry of cyclin B1
cdc2-like protein has been found to accumulate in oocyteproteins (51±53 kDa) on the immunoblotting in Fig. 8.
cytoplasm. Because the germinal vesicles of star®sh oocytes
are necessary for self-ampli®cation to increase MPF activity
(Kishimoto et al., 1981; Picard et al., 1984), the increase of
MPF activity in Cynops oocytes might similarly be depen-In unfertilized eggs, cyclin B1 was widely distributed in
the cortex of the animal hemispheres (Fig. 5G). The distribu- dent on germinal vesicle content.
Although the shift in molecular weight of cdc2 homo-tion of cyclin B1 decreased in the cortex of the animal hemi-
spheres 1±3 h after fertilization (Fig. 5H), but increased 4 logue during oocyte maturation might be a result in appear-
ance of a related proteins, the shift seems to be due to differ-h after fertilization (Fig. 5I). The distribution of cyclin B1
became more diffuse from prometaphase to metaphase, 5± ent states of phosphorylation, as was demonstrated in gold-
®sh (Yamashita et al., 1995). It is likely that germinal6 h after fertilization (Fig. 5J). Thus, the changes in cyclin
B1 distribution corresponds well to the changes in cyclin vesicle content is involved in changing the phosphorylation
of cdc2 kinase to increase MPF activity. Cyclin B1 appearsB1 content in egg cytoplasm.
to move into the germinal vesicles of Cynops oocytes before
GVBD. In star®sh oocytes (Ookata et al., 1992), as well as in
somatic cells (Paines and Hunter, 1991; Bailly et al., 1992),DISCUSSION
cyclin B is translocated from the cytoplasm into the nucleus
just before nuclear envelope breakdown. In many species,The present study demonstrated that most of the Cynops
oocytes treated with progesterone in O-R2 solution con- MPF activation requires the phosphorylation of a threonine
residue (Thr 161) within the cdc2 kinase by cyclin-depen-taining antibiotics completed meiosis in vitro. A similar
antibiotic of this solution has also been used in the culture dent kinase (CDK)-activating kinase (CAK), which consists
of cdk7 and cyclin H (Fesquet et al., 1993; Poon et al., 1993;of Xenopus blastomeres (Culte and Masui, 1995). Because
the oocytes in O-R2 solution without antibiotics had lysed Solomon et al., 1993). Because a cdk7-like 40-kDa protein
was observed in the germinal vesicle of Cynops oocytes,after GVBD (data not shown), the proliferation of bacteria
in the solution probably interfered with oocyte maturation. but not in their cytoplasm, the 40-kDa protein is probably
a Cynops cdk7 homologue. Therefore, it is likely that theXenopus oocytes also successfully matured in solution con-
taining antibiotics (data not shown), indicating that OR-2 increase of MPF activity requires phosphorylation of a thre-
onine residue (Thr 161) localized in the cdc2 kinase by CAKsolution containing antibiotics is suitable for oocyte matu-
ration in amphibians. in germinal vesicles.
Other phosphorylation sites of cdc2 kinase are Tyr 15 andFull-grown Cynops oocytes have no MPF activity, yet
MPF activity appeared just before GVBD (0.75±1.0 NT). Thr 14. Tyr 15 (along with Thr 14 in higher eukaryotes) is
instrumental in regulating cdc2 activity because its dephos-Cyclin B1 did not exist in full-grown oocytes, yet a very
small amount of cyclin B1 appeared just before GVBD, coin- phorylation, catalyzed by cdc25 phosphatase, is required for
cdc2 activation (Gould and Nurse, 1989; Solomon et al.,ciding with an increase in MPF activity. In contrast, MPF
activity appears at 0.65 NT during oocyte maturation in 1990; Dunphy and Kumagai, 1991). Full-grown, immature
Xenopus oocytes contain an inactive form of a cdc2/cyclinXenopus (Wassermann and Masui, 1975; Gerhart, 1984; Oh-
sumi et al., 1994). Furthermore, immature Xenopus oocytes B complex with cdc2 subunits already phosphorylated on
both Thr 161 and Tyr 15. Tyr 15 is dephosphorylated whencontain a large amount of cdc2/cyclin B complexes (Dunphy
et al., 1988). However, cyclin B1 and B2 are absent in full- MPF is activated during oocyte maturation (Gautier and
Maller, 1991; Strausfeld et al., 1991). A tyrosine residuegrown, immature oocytes of ®shes and anuran amphibians,
except Xenopus (Tanaka and Yamashita, 1995). Thus, the of cdc2 has probably been dephosphorylated in immature
Cynops oocytes because no phosphorylated tyrosine residuemechanism of MPF activation in Cynops oocytes appears
to be similar to that in ®sh oocytes rather than to that in was detected with anti-phosphotyrosine antibody (data not
shown). Because Tyr 15 on cdc2 is already dephosphorylatedXenopus oocytes.
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